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METHODS AND MATERIALS FOR THE DIAGNOSIS AND TREATMENT OF 
• . " SPORADIC BASAL CELL CARCINOMA 


^ FIELD OF THE INVENTION 

i - 

The present invention relates generally to the diagnosis and treatment of pathologies 
involving tumor formation and neoplasia, and more particularly to the detection of a 
condition of skin cancer known as sporadic basal cell carcinoma (BCC), and to the 
10 identification of relevant therapeutic agents based on their effect on the level of expression 
and/or activity of the gene GUI, as well as to the preparation of therapeutic compositions 
and methods of use. 


BACKGROUND OF THE INVENTION 


Inductive signaling plays a critical role in both normal and disease development as 
developmental pathways that become unregulated in the adult can lead to abnormal 
patterning, overproliferation and neoplasia. One signaling pathway that is involved in 
several patterning events during embryogenesis is that triggered by secreted sonic 

20 hedgehog (Shh M ). Shh binding to the membrane patched (ptc)-smoothened (smo) receptor 
complex elicits a cascade of cytoplasmic signal transduction events, including the 
inhibition of protein kinase A (PKA 512 ) that leads to the transcription of the zinc finger 
transcription factor gene GUI 1113 . GUI is a proto-oncogene first isolated as an amplified 
gene in a glioma 14 that can transform fibroblasts in cooperation with El A 15 . GUI is a 

25 member of a family comprising two other related genes: GU2 and GU3 1617 : However, 
only GUI has been shown to be a target of Shh and mimic its effects 13 . In Drospphila, 
hedgehog signaling 18 similarly leads to the action of cubitus interruptus (ci) r a Gli homolog 
that activates, transcription of hedgehog-target genes 19 * 23 . 

30 One of the processes in which Shh signaling is involved is the differentiation of ventral 
neural tube cell types acting as a notochord and floor plate-derived signal 1 A24_27 . Previous 
work by the applicants herein on the role of sonic hedgehog signaling during neural plate 
patterning in frog (Xenopus laevis) embryos demonstrated that cells becoming floor plate 
respond to Shh by expressing GUI, Pintallavis and HNF-38, critical transcription factors 

35 that themselves can induce the differentiation of floor plate cells 13 25 - 28 ' 29 . 
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In addition to effects on neural tissue, it has been found that ectopic expression of Shh and 
GUI also leads to the activation of Shh signaling target genes in epidermal non-neural 
ectoderm. Injected Shh induced the ectopic expression of GUI, HNF-3B and Shh 25 , and 
ectopic expression of GUI induced the ectopic expression of HNF-3B and Shh n . 
5 Together, these results indicated that both neural and epidermal cells have functional 
reception and transduction mechanisms for Shh and can respond by activating the 
expression of Shh/Glil target genes even though epidermal cells do not normally receive 
the Shh signal at this stage. 

10 The citation of any reference herein should not be construed as an admission that such 
reference is available as "Prior Art" to the instant application. 

SUMMARY OF THE INVENTION 

15 In accordance with the present invention, methods and corresponding materials, including 
reagents and kits, are disclosed for use in the diagnosis of basal cell carcinoma (BCC), 
and particularly, sporadic BCC, which are based, at least in part, on the observation that 
there is a relationship between the ectopic expression of the gene GUI and the 
development onset or presence of BCC. 

20 

Accordingly, the invention in an initial aspect extends to a method for the diagnosis and 
detection of BCC in mammals, including humans, which comprises measuring the 
presence and level of ectopic expression of GUI . 

25 In a further aspect, the invention extends to an assay for the examination and diagnosis of 
the presence and extent of basal cell carcinoma in an animal, which compri^s an_ 
observable test colony which exhibits a demonstrable development of .tumor formation 3 
and/or neoplasia upon contact with ectopically expressed GUI from a biological sample 
taken from the animal. 

30 

Still further, the invention includes the development of therapeutic agents that are capable 
of controlling the expression and/or activity/function and expression of GUI, and are 
thereby able to inhibit the development and/or treat sporadic basal cell carcinoma in 
animals, and particularly in humans. Such agents may include small molecules, ligands, 
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and other agents that would function as. GUI antagonists or would otherwise interrupt GUI 
expression and activity. Suitable pharmaceutical compositions could be administered by a 
variety of routes, including topical, oral, parenteral, intrathecal, intranasal, and the like, at 
a dosage level and schedule that may be determined by the clinician in accordance with 
5 the particular condition of the patient. 

Accordingly, it is a principal object of the present invention to provide a method for the 
detection and diagnosis of basal cell carcinoma and particularly, sporadic basal cell 
carcinoma, that is efficient and accurate. 

10 

It is a further object of the present invention to provide a method as aforesaid that 
involves the observation and measurement of the level of expression of the gene GUI 
and/or its protein product. 

15 It is a still further object of the present invention to provide assays for the performance of 
the methods as aforesaid that include an observable test colony capable of eliciting and 
exhibiting a demonstrable tumorigenic response upon stimulation with GUI 

It is a still further object of the present invention to provide assays as aforesaid that may 
20 be used to screen for candidate inhibitors of basal cell carcinoma. 

It is a yet further object of the present invention to provide therapeutic agents, 
compositions containing them, and corresponding methods of administration, that result 
from the identification and development of agents that act to modulate or control the 
25 activity or expression of Glil in animals, and particularly humans. 

Other objects and advantages will become apparent to those skilled in the art from a 
consideration of the ensuing detailed description that proceeds with reference to the 
following illustrative drawings. 

30 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 shows that the ectopic expression of GUI in frog embryos leads to the 
formation of epidermal tumors 
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(A through C) whole mount view of injected tadpoles (stages -32-34) 51-4 
showing the localization of epidermal mounds in the flank (A, B) or posterior region (C). 
The embryo shown in (A) was injected with plasmid DNA driving the expression of the 
endogenous frog GUI cDNA and was then labeled with anti- HNF-3B antibodies. HNF-36 
5 protein expression is detected in the epidermis including some cells in the tumor (see 
inset). The embryos shown in (B, C) were co-injected with Gli synthetic RNA and LacZ 
RNA as tracer. 

(D through G) histological cross sections through the trunk of G//i-injected 
embryos showing the cellular morphology of affected and control epidermal regions. (D) 

10 Detail through the affected area of an embryo similar to that shown in (A). Some cells 
within the tumor show expression of HNF-3B. (E) Low magnification view of a cross 
section of an embryo similar to that shown in (B) but also labeled with anti-HNF-36 
antibodies. The affected side is marked by the blue reaction product of x-gal staining 
(left). Note the absence of HNF-3B labeling in the epidermal tumor to the left but the 

15 presence of the normal pattern of expression in endodermal nuclei (b). The position of 
the lateral plate mesoderm and epidermis is marked. (F) Detail of a tumor region 
from an embryo similar to that shown in (C) where prominent b-gal activity is 
detected as small cytoplasmic inclusions. (G) Detail of the normal flank epidermis 
of a control embryo shown as comparison to (F). In (F, G) the boundary between 

20 the epidermis and the underlying mesoderm in denoted. 

(H-J) Histological sections stained with hematoxylin and eosin through the 
trunk of control (H) and Gli 1 -injected (I, J) stage -45 tadpoles. An epidermal 
tumor is detected in the flank in (arrow, I). (J) shows a higher magnification 
image of an outwardly growing epidermal tumor (arrow), e; epidermis, m; muscle, 

25 n: notochord, sc: spinal cord, t: tumor. 

Arrows point to epidermal tumors. In all cases dorsal side is up. In (A 
through C) anterior is to the left. 

FIGURE 2 illustrates the expression of GUI and Gli 3 in basal cell carcinomas 
30 (A through L) Sections of BCC excisions showing the distribution of tumor 

masses as seen by hystological staining (A, C, G, I), GUI mRNA expression as 
detected with antisense GUI RNA probes (B, D, E, F, H, J) or GU3 mRNA (K). 



As control (c), absence of label is seen after hybridization with a Glil sense probe 
(L). (A) and (B), (C) and (D), (G) and (H), and (I through L) are matched 
samples from the same specimens, respectively. (E) and (F) show details of the 
specimen shown in (A through D). Specific RNA expression is dark blue and was 
5 detected in the cytoplasms in most cases although others showed mostly nuclear 
signal. 

(M, N) Sections of normal skin regions distal from tumorigenic regions in a 
BCC excision showing the absence of GUI expression. 

(O, P) Sections of a biopsied sample of squamous cell carcinoma (SCC) 
10 showing the absence of GUI expression. 

H&E: hematoxylin and eosin stain, bl: basal layer; d: dermis; e: epidermis; 
gl: granular layer; hi: horny layer; p: pallisade in the periphery of the tumor 
nodule; si; spiny layer; t: tumor. 

In all cases the skin surface is up except in (I through L) where it is to the 

15 left. 

Panels (A-F) show case # 5, panels (G, H) show case # 7, panels (I-L) show 
case # 12, panels (M, N) show a normal skin region of case #18, panels (O, P) 
show case #15, all as listed in Table 1. 


20 FIGURE 3 illustrates the expression of Glil protein in basal cell carcinomas 
Cells were labeled with anti-Glil antibodies (A, C, E, G) or with the 
DNA-binding dye DAPI showing the position of nuclei (B, D, F). (A through D) 
show sections of excised BCC's with cytoplasmic Glil protein with highest levels 
in the periphery of tumor nodules (arrows). (E, F) show Glil protein in Tera-1 

25 human embryonal carcinoma cells localized predominantly to the nuclei although 
some protein is evident in the cytoplasm (arrow). Both (D) and (F) show double 
exposures where a hint of the distribution of Glil can be seen in relation to nuclei. 
(G) Expression of Glil protein in COS-7 cells transfected with plasmids driving the 
expression of the human cDNA. Glil protein is predominantly nuclear although 

30 some cytoplasmic labeling is evident (arrows). 
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FIGURE 4 demonstrates Shh expression in BCC's and induction of Shh expression 
by GUI 

A-F) Expression of GUI and Shh in BCC's. (A, D) show hematoxilin and 
eosin (H&E) stained panels identifying the presence of tumor infiltrating smooth 
5 muscle (m; A) or the dermis (D). Sequential sections probes for GUI (B, E) or 
Shh (C, F) mRNA reveal the expression of these genes in tumor (t) cells. Arrows 
in (D-F) point to a similar position in all three panels. The lower levels of Shh 
expression are likely due to the short size of the RNA probed used. Panels (A-C) 
show case #26, panels (D-F) show case #30, as listed in Table 1. 

10 G-I) Frog tadpoles (stages 34-36) injected with GUI RNA (G, I) showing 

exogenous expression of GUI (G) or ectopic Shh (arrows, I) in the epidermis. Glil 
is normally expressed in several tissues including the neural tube but not in the 
epidermis 13 . A control embryo (H) shows no expression of Shh in the epidermis 
(H) with normal expression of this gene in the nervous system and head 

15 structures 25 . Anterior is to the left and dorsal side is up. 

FIGURE 5 demonstrates expression of Shh and Gli genes in mouse hair follicles 

A) Histological section of flank mouse skin showing the cellular 
morphology of hair follicles (hf) surrounded by the dermis (d) and the overlying 
20 epidermis (e) as seen after staining with hematoxylin and eosin (H&E). B-E) 

expression of Shh (B), GUI (C), GU2 (D) and GU3 (E) in the bulb area of growing 
hair follicles (arrows). GU3 is expressed in a wider area than GUI or GU2 
corresponding to cells located further away from the bulb region. 

25 FIGURE 6 shows that Shh signaling pathway and alterations leading to skin cancer. 
Diagrams of the intercellular signaling of secreted Shh and the signal 
transduction patthway leading to the activation of target gene transcription. A) 
dejpicts the Shh signaling pathway in floor plate cells (see text for details and 
ref 13 - 18 for further references) and possibly in hair follicles. Shh binding to patched 

30 . inactivates its repression of smoothen resulting in transmission of a signal through 
different cytoplasmic components including PKA, depited as a box. The exact 



position of PKA in the pathway is unresolved. The end result is the action of the 

zinc finger transcription factor GUI. In frog embryos, Shh signaling leads to GUI 

transcription and the subsequent activation of Gli-target genes such as HNF-3J3. 

Floor plate induction by Shh leads to the transcriptional activation of Shh itself in 
5 the newly induced floor plate. Because GUI transcription is not maintained neither 

in the mature floor plate 13 nor in keratinocytes distal from the hair bulb, a negative 

feedback mechanims is suggested. 

B) Depicts the Shh signaling pathway thought to be silent in the embryonic 

epidermis and basal cells. Repression of the Shh signaling pathway may be 
10 achieved though the action of ptc and/or PKA (in red). 

C) Activation of the Shh signaling pathway in BCC's. Putative effects of 

environmental damage leading to possible targets in the membrane, cytoplasm or 

nucleus that may lead to an activation of the pathway are denoted arrows (yellow). 

The positive actions of GUI and the absence of ptc are shown activating the 
15 pathway (green). Expression of Shh by BCC's could underly maintenance of 

BCC's (green). Other ways to activate the pathway (blue) may include rendering 

smo insensitive to repression by ptc, loss of PKA and independent upregulation of 

a putative activator (A) of GUI, perhaps including GUI itself. 
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DETAILED DESCRIPTION OF THE INVENTION 


In accordance with the present invention there may be employed conventional 
molecular biology, microbiology, tissue/cell culture and recombinant DNA 
techniques within the skill of the art. Such techniques are explained fully in the 

25 literature. See, e.g., Sambrook et al, "Molecular Cloning; A Laboratory Manual" 
(1989); "Current Protocols in Molecular Biology" Volumes I-III [Ausubel, R. M., 
ed. (1994)]; "Cell Biology: A Laboratory Handbook" Volumes I-III [J. E. Celis, ed. 
(1994))]; "Current Protocols in Immunology" Volumes I-III [Coligan, J. E., ed. 
(1994)]; "Oligonucleotide Synthesis" (M.J. Gait ed. 1984); "Nucleic Acid 

30 Hybridization" [B.D. Hames & S.J. Higgins eds. (1985)]; "Transcription And 

Translation" [B.D. Hames & S.J. Higgins, eds. (1984)]; "Animal Cell Culture" [R.I. 
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Freshney, ed. (1986)]; "Immobilized Cells And Enzymes" [IRL Press, (1986)]; 
B. Perbal, "A Practical Guide To Molecular Cloning" (1984). 

Therefore, if appearing herein, the following terms shall have the definitions set out 
5 below. 

An "antibody" is any immunoglobulin, including antibodies and fragments thereof, 
that binds a specific epitope. The term encompasses polyclonal, monoclonal, and 
chimeric antibodies, the last mentioned described in further detail in U.S. Patent 
10 Nos. 4,816,397 and 4,816,567. 

An "antibody combining site" is that structural portion of an antibody molecule 
comprised of heavy and light chain variable and hypervariable regions that 
specifically binds antigen. ' 

15 -. 

The phrase "antibody molecule" in its various grammatical forms as used herein 
contemplates both an intact immunoglobulin molecule and an immunologically 
active portion of an immunoglobulin molecule. 

20 Exemplary antibody molecules are intact immunoglobulin molecules, substantially 
intact immunoglobulin molecules and those portions of an immunoglobulin 
molecule that contains the paratope, including those portions known in the art as 
Fab, Fab 5 , F(ab') 2 and F(v), which portions are preferred for use in the therapeutic 
methods described herein. 

25 

Fab and F(ab') 2 portions of antibody molecules are prepared by the proteolytic 
reaction of papain and pepsin, respectively, on substantially intact antibody 
molecules by methods that are well-known. See for example, U.S. Patent No. 
4,342,566 to Theofilopolous et al. Fab' antibody molecule portions are also well- 
30 known and are produced from F(ab') 2 portions followed by reduction of the 

disulfide bonds linking the two heavy chain portions as with mercaptoethanol, and 


followed by alkylatipn of the resulting protein mercaptan with a reagent such as 
iodoacetamide. An antibody containing intact antibody molecules is preferred 
herein. 

5 The phrase "monoclonal antibody" in its various grammatical forms refers to an 
antibody having only one species of antibody combining site capable of 
immunoreacting with a particular antigen. A monoclonal antibody thus typically 
displays a single binding affinity for any antigen with which it immunoreacts. A 
monoclonal antibody may therefore contain an antibody molecule having a plurality 
10 of antibody combining sites, each immunospecific for a different antigen; e.g., a 
bispecific (chimeric) monoclonal antibody. 

The phrase "pharmaceutically acceptable" refers to molecular entities and 
compositions that are physiologically tolerable and do not typically produce an 
15 allergic or similar untoward reaction, such as gastric upset, dizziness and the like, 
when administered to a human. 

The phrase "therapeutically effective amount" is used herein to mean an amount 
sufficient to prevent, and preferably reduce by at least about 30 percent, more 
20 preferably by at least 50 percent, most preferably by at least 90 percent, a clinically 
significant change in the S phase activity of a target cellular mass, or other feature 
of pathology such as for example, elevated blood pressure, fever or white cell 
count as may attend its presence and activity. 

25 In its broadest aspect, the present invention is predicated on the observation that 
there is a positive correlation between the ectopic expression of the gene GUI and 
the incidence and presence of basal cell carcinoma (BCC), and particularly, 
sporadic basal cell carcinoma in humans. 

30 Accordingly, the invention includes a method for detecting the onset and presence 
of basal cell carcinoma in an animal, such as a human, by measuring the presence 
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and expression of Gli 1 in such animal. The methods may proceed by the 
examination of a biological sample taken from the subject under examination. 
The diagnostic methods can be used to detect Gli 1 in a biological sample from an 
individual. Preferably, the biological sample is tissue, as Glil is generally detected 
5 in epidermal tissue, although some increased levels of Glil may be detectable in 
serum or urine, which are both readily obtained. Thus, the biological sample can 
also be a biological fluid, such as but not limited to, blood, serum, plasma, 
interstitial fluid, plural effusions, urine, cerebrospinal fluid, and the like. For 
example, cells can be obtained from an individual by biopsy and lysed, e.g., by 
10 freeze-thaw cycling, or treatment with a mild cytolytic detergent such as, but not 
limited to, TRITON X-lOO®, digitonin, NONIDET P (NP)-40®, saponin, and the 
like, or combinations thereof (see, e.g., International Patent Publication WO 
92/08981, published May 29, 1992). In yet another embodiment, samples 
containing both cells and body fluids can be used (see ibid.): 

15 

Numerous possibilities both diagnostic and therapeutic are raised by the 
identification of the relationship between Glil expression and sporadic BCC. As 
suggested earlier and elaborated further on herein, the present invention 
contemplates pharmaceutical intervention in the cascade of reactions in which Glil 
20 appears to be implicated, to modulate its activity and to thereby control and 
possibly treat BCC in humans. 

Thus, in instances where it is desired to reduce or inhibit the activity resulting Glil 
presence and expression, an appropriate inhibitor of such activity, or of Glil could 
25 be introduced to block the interaction of those factors causally connected therewith. 

As discussed earlier, Glil or its binding partners or other ligands or agents 
exhibiting either mimicry or antagonism to it or control over its production, may be 
prepared in pharmaceutical compositions, with a suitable carrier and at a strength 
30 effective for administration by various means to a patient experiencing an adverse 
medical condition associated with Glil activity or expression specific for the 



treatment thereof: A variety of administrative techniques may be utilized, among 
them parenteral techniques such as subcutaneous, intravenous and intraperitoneal 
injections, catheterizations and the like. Average quantities of the therapeutic agent 
or the pharmaceutical composition may vary, and in particular should be based 
5 upon the recommendations and prescription of a qualified physician or veterinarian. 

As suggested earlier, the diagnostic method of the present invention comprises 
examining a cellular sample or medium by means of an assay including an 
effective amount of an antagonist to a Glil protein, such as an anti-Glil antibody, 

10 preferably an affinity-purified polyclonal antibody, and more preferably a mAb. In 
addition, it is preferable for the anti-Gli 1 antibody molecules used .herein be in the 
form of Fab, Fab', F(ab') 2 or F(v) portions or whole antibody molecules. As 
previously discussed, patients capable of benefiting from this method include those 
suffering from cancer, a pre-cancerous lesion, a viral infection or other like 

15 pathological derangement. Methods for isolating the particular agent such as Glil, 
and inducing anti-Glil antibodies and for determining and optimizing the ability of 
anti-Glil antibodies to assist in the examination of the target cells are all well- 
known in the art. 

20 Methods for producing polyclonal anti-polypeptide antibodies are well-known in 
the art. See U.S. Patent No. 4,493,795 to Nestor et al. A monoclonal antibody, 
typically containing Fab and/or F(ab') 2 portions of useful antibody molecules, can 
be prepared using the hybridoma technology described in Antibodies - A 
Laboratory Manual Harlow and Lane, eds., Cold Spring Harbor Laboratory, New 

25 York (1988), which is incorporated herein by reference. Briefly, to form the 
hybridoma from which the monoclonal antibody composition is produced, a 
myeloma or other self-perpetuating cell line is fused with lymphocytes obtained 
from the spleen of a mammal hyperimmunized with a Glil -binding portion thereof, 
or Glil, or an origin-specific DNA-binding portion thereof. 

30 

The present invention may be better understood by reference to the following non- 


limiting Examples, which are provided as exemplary of the invention. 

Methods 

Embryos and microinjection 

5 Xenopus laevis embryos were obtained by standard procedures 63 . Microinjections 
were performed into the animal-most region of one cell at the two-cell stage in 
order to bias the distribution of the injected plasmids or RNAs to the ectoderm and 
to have one half of the embryo as undisturbed internal control 63 . 2 ng of synthetic 
RNAs made by in vitro transcription or 200 pg of plasmid DNA were delivered by 
10 microinjection. Frog GUI, human GUI and GH3 plasmids were as described 13 . 

In situ hybridization, immunocytochemistry, histology and cell lines 

Frog embryos were processed for in situ hybridization with digoxygenin-labeled 
RNA. probes following the Harland protocol with minor modifications 13 . Frog GUI 

15 and Shh plasmids to make sense or antisense RNA probes were as described 13 . In 
situ hybridization of frozen cryostat sections of tumor specimens excised by the 
Mohs technique were processed by in situ hybridization with digoxygenin-labeled 
RNA probes 64 Plasmids with human GUI and GU3 cDNAs 14 * 16 and mouse Shh end 
GUI -3 cDNAS used to make sense and anti-sense RNA probes were as described 13 . 

20 The human Shh probes were made from a plasmid subclone of a 409 bp RT-PCR 
product. 

Immunocytochemistry with anti-human GUI affinity-purified polyclonal 
antibodies 13 , anti-frog HNF-31J or anti-rat HNF-36 polyclonal antibodies 25 were 
25 performed by standard techniques by whole mount labeling or in 5-15 cryostat 
sections. Nuclei were visualized by staining with the DNA-binding dye DAPI after 
antibody incubations. 

Histological sections of injected tadpoles were obtained by cutting 
30 paraplast-embedded samples in a microtome 13 . These sections and one section of 
each tumor sample were also stained with hematoxylin and eosin by standard 


13 

techniques for histological examination. B-galactosidase activity was revealed by 
the X-gal reaction using standard techniques. 


COS-7 and Tera-1 cells were obtained from ATCC and cultured under the specified 
conditions. Transfectiosn were performed with lipofectamine (GIBCO-BRL) as 
specified by the manufacturer. Cells were assayed 24-48h after transfection. 

A isolation and RT-PCR 

RNA^om frozen excisions was extracted by the guanidinium isothiocyanate, acid 
10 phenol m£tix>d. Samples were immediately dissolved in guanidinium. cDNA was 
made with raixkmi hexamers and BRL Superscript reverse transcriptase. J PCR was 
performed at 57°C retr 40 cycles with the following primers to human GUI, Glil-U: 
CAGAGAATGGAGCATCCTCC and Glil-D: TTCTGGCTCTTCCTGTAGCC 
yielding 412bp product; to HtH^an GU3 9 GU3-U: GCAGCCACAGAATGTCC and 
15 GH3-D: AGGGATATCCAATCC^QGAATCG yielding a 293bp product; to human 
Shh, Shh-U2: GAAGATCTCCAGAA^TCC and Shh-D: 

TCGTAGTGCAGAGACTCC yileding a zhsbp product; and to mouse SI 7 which 
works well with human cDNA, S17-U: GCTAT^TCACGCATCTGATG arid 
S17-D: CCTCAATGATCTCCTGATC yielding a l^bp product. The RT-PCR 
20 Shh clone used to make RNA probes derived from a reacli^n using Shh-Ul: 
AGATGTCTGCTGCTAGTCC and Shh-D. 

EXAMPLE 1 

In this experiment, the effects of deregulated GUI expression and the activation of 
25 the Shh signaling pathway in the epidermis were investigated, using the frog 

embryo as a model system. We show that ectopic GUI expression in the epidermal 
ectoderm of frog embryos results in tumor formation, that GUI and Shh are 
normally expressed in the hair follicles of the adult mammalian epidermis and that 
human sporadic basal cell carcinomas (BCC's) consistently express Glil. We have 
30 previously shown that Glil acts as a target and mediator of Shh signaling 13 . Thus, 
our results suggest that activation of Shh signaling leading to GUI expression in the 



14 


epidermis will cause BCC formation. This is consistent with the loss of function of 
the Shh receptor ptc, which acts negatively on the pathway, in familial and a 
fraction of sporadic BCC V 002 . 

5 Ectopic expression of Glil induces tumor formation in the tadpole epidermis 

Frog embryos injected with plasmids driving the expression of the endogenous frog 
Glil gene displayed ectopic expression of HNF-313 in the skin (85%, n=25 13 ). As 
expected, injected embryos also expressed this gene in the neural tube (not 
shown 13 ). In addition, these embryos developed abnormal mounds in the otherwise 

10 normal smooth epidermis of the tadpole (78%, n=25; Fig. la). Similiar results were 
obtained with the human GUI cDNA (70%, n=10; not shown). Because the 
plasmid DNA was targeted to the animal most region of the 2-cell embryo, only 
ectodermal derivatives inherit plasmids 25 indicating that the mounds of focal 
epidermal hyperplasia or tumors observed are caused by expression of GUI in the 

15 epidermis and not in the underlying lateral plate mesodem. Indeed, detection of 
epitope-tagged GUI in injected embryos showed exclusive expression in the 
ectoderm (not shown 13 ). A number of these epidermal tumors contained cells 
which expressed HNF-3B (30%, n=27; Fig. la, d). 

20 Embryos injected with plasmids driving the expression of endogenous frog GUI 
were grown for 1 week (stage —45) in order to assess the morphological 
development of induced epidermal tumors. Histological sections of injected 
tadpoles revealed tumors in the epidermis (Fig. li, j), sometimes consisting of 
densely packed cells (Fig, li), not found in normal controls (Fig. lh). These cells 

25 were clearly distinct from all normal tissues. Together, these results show that 
transient epidermal expression of GUI leads to tumor formation in vivo. 

EXAMPLE 2 
Cells expressing Glil become tumorigenic 

30 To determine if tumors formed from cells inheriting the injected Glil RNA, lineage 
tracing analysis was performed by injection of synthetic RNA. Frog embryos were 
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coinjected with GUI mRNA and a small amount of LacZ mRNA as tracer. Injected 
embryos displayed B-galactosidase (B-gal) activity in the epidermis and neural 
ectoderm of the injected half. Injection of LacZ mRNA alone caused no detectable 
defects in the injected embryos and all embryos injected with GUI mRNA 
5 displayed ectopic HNF-3B expression within the neural tube (not shown). 

The epidermis of injected embryos displayed atypical morphology. Externally, 
injected tadpoles showed prominent tumors of the skin (80%; n=12) that were 
always associated with B-gal activity (Fig. lb, c). Histological analysis of these 

10 embryos revealed that the tumors formed from the superposition of epidermal cells 
that inherited GUI mRNA, as these cells invariably expressed B-gal (Fig. le, f). 
Labeled epidermal cells located inside the tumors were distinct from the 
underlying lateral plate mesoderm which was always unlabeled. In contrast to the 
injected side, the uninjected side displayed typical smooth embryonic epidermis 

15 (Fig. le, g). Expression of HNF-3B in these Glil -induced tumors was infrequent 
(10%, n=12) indicating that its expression and epidermal tumor formation are 
independent events. Because not all epidermal cells inheriting GUI RNA become 
tumorigenic there could be a requirement for a certain level of GUI to initiate 
tumor formation. The effects of Glil are specific as injection of plasmids driving 

20 the expression of the related gene GU3 16 or synthetic G/zJ RNA had no effect (n= 
45; not shown 13 ). 

These experiments demonstrate that inappropriate expression of Glil leads to tumor 
formation although it is not clear if this represents epidermal neoplastic 
25 transformation in the early tadpole. - 

Glil is selectively expressed in sporadic human BCC's 

The epidermal ectoderm of early vertebrate embryos becomes the basal layer of the 
adult epidermis and these two cell types have common properties. For example, 
30 mouse basal-specific keratins are also expressed in the early embryonic 

monolayered epidermis 33 . Basal cells play a critical role in skin development as 
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these are progenitors that produce daughter cells that replenish the keratinized outer- 
layers. The mechanisms of basal epidermal cell maintenance and embryonic 
epidermal development in vertebrates could therefore be similar, raising the 
possibility that the defects observed in the epidermis of G//7-injected embryos may 
5 resemble defects of abnormal basal cell development in the adult. 

In this context, the recent demonstration that mutations in the patched (ptc) gene 
underlie the human familial basal cell nevus syndrome 30,31 is intriguing. Ptc is a 
component of the receptor complex for Shh having a constitutive negative effect 

10 that is repressed by Shh binding 12 ' 18 34,35 Thus, mutation of the ptc receptor may 
lead to constitutive Shh signaling in the absence of the ligand. This, in fact, would 
appear to be similar to the activation of the Shh signaling pathway either through 
the ectopic expression of the ligand, Shh, or the activation of a downstream target 
and mediator: Glil Vj (Fig. 6a). Together, the finding of mutated ptc alleles in 

15 familial and some sporadic BCC's 30 " 32 , and the development of skin tumors in 
tadpoles expressing Glil ectopically raised the possibility that ectopic GUI 
expression could be expressed in and underlie the development of sporadic adult 
basal cell cancer through the activation of the Shh signaling pathway. 

20 EXAMPLE 3 

To address the possibility that Glil activation and ectopic expression could play a 
role in the development of adult sporadic BCC, spontaneously occurring human 
BCG's wefe assayed for Glil expression. Sections of fresh excised specimens were 
. analyzed by in situ hybridization with digoxygenin-labeled antisense RNA probes. 

25 All but one of the samples examined showed unambiguous expression of Glil 
mRNA although the level of expression varied (17/18; Table 1; Fig. 2). The 
variability observed in Glil RNA expression could be due to inherent differences of 
the tumors or to differences in the preservation of the material after excision. No 
correlation was detected between the level of Glil expression and the site or the 

30 aggressiveness of the tumor. In contrast to the prevalent expression of G//7, only 
one half (6/12; Table 1) of the cases displayed unequivocal expression of the 
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related gene GU3 (Fig. 2k) which is often coexpressed with GUI lu 3J 7 36 Analysis 
of three cases of squamous cell carcinoma (SCC) in situ showed the absence of Gli 
gene expression (Table 1; Fig 2o, p). Control hybridizations with sense RNA 
probes showed no signal (Table 1; Fig. 21). 



18 

TABU 1 
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17 BCC nr 

18 BCC nr 

24 BCC nose 

26 BCC pcriareolar 

27 BCC eyelid 

28 BCC nose 

29 BCC tempfe 

30 BCC midback 

32 8CC lai forehead 

33 * BCC eyebrow 

34 BCC noseop T ^ 
37 BCC lat. upper ehrck +/. w 

39 BCC upper lip Z I £ 
41 BCC malar ocular . W. 
*2 BCC malar ocular ^ 

43 BCC temple ±+ * 

44 BCC nose * 

45 BCC cheek 

46 BCC oojtril 

47 BCC rygoma -m. 

48 BCC upper eyelid +, 

51 BCC glabella 

52 BCC none x. 

53 BCC noso + ■ 

54 BCC ear ++ 

57 BCC clavicle «. 
59 BCC nose 

61 BCC ooie ++ 

63 BCC nose + 

64 BCC forehead +/. 

66 BCC temple + 

67 BCC rorebeod «, 

69 BCC forehead 

70 BCC aeaip 

7! BCC eye «, ■ 

72 BCC nose 

74 BCC temple + 

15 SCC upper bock 

23 SCC preauricular - 

25 SCC eyelid - 

31 SCC elbow 

35 SCC cheek 

40 SCC ->~*r 

49 SCC cheek 

55 SCC hand 

56 SCC neck 

58 SCC bridge note 


♦ 


4/- 


RT-PCR of whole cxeiatou 


OjMl QU 

rtritml 

52 BCC nose 


note + ~ 

20 BfX rear — I + 

22 BCC infraorbital ' + T 


53 BCC noae ++ I 


21 SCC finger 


fecal braiA 



Tumor nodules infiltrating the dermis showed the highest levels of Glil expression 
(Fig. 2a-f, i, j) and here it was concentrated in the periphery (Fig. 2f, j), where the 
majority of proliferating cells are located 37 . In tumorigenic regions, the basal layer 
5 of the epidermis also displayed high levels of GUI expression as compared to more 
superficial layers where decreasing levels of GUI gene expression were detected 
(Fig. 2c-e). The pattern of expression of GU3 was distinct from that of GUI but 
was also primarily detected in the periphery of tumor nodules (Fig. 2k). Gli gene 
expression was detected neither in the epidermis nor in the dermis in normal 

10 regions distal from the tumor (Fig. 2m, n), although GUI mRNA was detected in 
histologically normal basal cells immediately surrounding the tumor site (right side 
in Fig. 2a, b). Cells of the sebaceous glands, dermis and blood vessels were 
negative. Single cells surrounding major BCC tumor masses were sometimes 
positive for GUI (3/18) or GU3 expression (1/12; Fig. 2j, k). These cells could 

15 represent early invading tumor cells that are histologically unrecognizable. 
Alternatively, these single cells may be'non-BCC cells which express GUI 
expression in response to a secreted tumor-derived factor. 

EXAMPLE 4 

20 GUI protein is primarily cytoplasmic in BCC's 

Expression of Glil was also analyzed by immunocytochemistry with an affinity 
purified anti-human Glil polyclonal antibody that does not recognize Gli3 13 . All 
samples showed specific Glil expression (5/5; Table 1; Fig. 3 a-d). Control 
antibody labeling with an anti-HNF-3B polyclonal antibody 25 showed no specific 

25 labeling (Table 1 and not shown). As with the mRNA, Glil protein levels were 
highest in the periphery of tumor nodules (Fig. 3a, c). 

In BCC's, Glil protein was detected in the cytoplasm with higher levels in 
apparent association with the membrane (Fig. 3 a, c). This contrasts with the nuclear 
30 localization of Glil protein in i) COS cells transfected with the glioma-derived 
cDNA 13 (Fig. 3g), ii) a glioma line with a 75-fold overexpression of Glil 
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(D259MG 14 * 38 ), and iii) human embryonal carcinoma Tera-1 cells that show a 
ten-fold overexpression of Glil 38 (Fig. 3e, f). However, Tera-1 cells and 
transfected COS cells also display lower levels of labeling in the cytoplasm (Fig. 
3e-g), and Drosophila ci, is normally localized mostly in the cytoplasm 39 . 
5 Moreover, frog Glil protein also appears to be mostly cytoplasmic 13 . 

Expression of Shh in BCC's 

Our results with Glil and the inactivation of ptc in patients with the basal cell 
nevus syndrome 30,31 raised the possibility that components of the Shh signal 

10 transduction pathway, including endogenous human Shh itself 10,41 , could be 

expressed in sporadic BCC's. This possibility is suggested by the regulatory loop 
defined in the Shh signaling pathway (Fig.6; see also ref. 18 for the Drosophila hh 
pathway) in which secreted Shh binds to the ptc/smo receptor complex triggering a 
cascade of events that leads to the activation of GUI. Glil then acts to activate the 

15 transcription of Shh target genes including Shh and ptc. 

Two cases of BCC showed Shh expression by RT-PCR whereas this was below the 
level of detection in one case of BCC and one of SCC in situ (Table lb, c). All 
samples showed low levels of GU3 expression and all three BCC's , but not the 

20 SCC, showed elevated levels of Glil RNA. By in situ hybridization, 4/6 BCC's 
were positive for Shh with expression localized to the tumor masses that also 
expressed GUI (Fig. 4a-f; Table 1). Analysis of three cases of SCC's in situ 
showed no Shh expression (Table 1). Sense Shh RNA probes showed no specific 
signal (Table 1). The lower frequency of Shh (6/9 cases overall) versus GUI 

25 expression (20/21 cases overall) in BCC's together with the inability of injected 

Shh to initiate epidermal tumor formation in frog embryos 25,42 * 43 suggest that Shh is 
unlikely to be the initial cause of Glil expression in BCC's. 

Induction of Shh by GUI 

30 Glil may direct expression of Shh in BCC's. Frog embryo microinjection results 
in the widespread distribution of the injected GUI RNA in the epidermis. 


0 . * 

However, very high levels of Glil were observed at sites of tumor formation (60%; 
n=24; Fig. 4g) suggesting autoregulation by Glil. A fraction of these embryos 
showed ectopic Shh in the epidermis of the tadpole (12%, n=25; Fig. 4i) and of 
early neurulae 13 , not observed in controls (Fig, 4h). Similarly, injected GUI 
5 induces ectopic Shh expression in the neural ectoderm 13 . 

In addition to Shh, the transcription of ptc could also be downstream of Glil 
function in BCC's (Fig. 6) as ectopic induction of ptc can be driven by Shh in 
early embryos 7 ' 9 and overexpression of ptc has been detected in sporadic BCC's 
10 analyzed 32 . Thus, it appears that in epidermal ectoderm, Shh can induce Glil 
expression and Gli l in turn induces the expression of pic and Shh, closing a 
regulatory loop. This is further suggested by the autoregulation of ectopic Shh in 
the epidermis 25 . 

15 Shh and Gli gene expression in developing follicles 

Basal cells and the embryonic epidermis normally do not express Gli genes 13 (Fig. 
5) and the reason why the epidermis is responsive to Shh and Glil is not clear. 
However, in excised specimens, very weak expresion of GUI was detected in hair 
follicles (not shown). To further test expression of Glil in follicles, we analyzed 

20 the normal expression of Shh, GUI, GU2 and GU3 in normal mouse skin. Specific 
labeling was detected in hair follicles during the growing phases with highest 
expression in matrix keratinocytes of the bulb (Fig. 5). As in follicles, 
coexpression of the three Gli genes has been observed in other embryonic 
tissues 1317 ; 36 ' 44 . Expression of Shh in hair follicles 45 * 46 (Fig.5) is consistent with its 

25 expression in feather buds 47 . In addition to GUI arid Shh, it is likely that other 
members of the Shh signaling pathway, including ptc, are also expressed in the 
growing follicles. 

These expression patterns indicate that normal epidermal development involves the 
30 selective activation of Shh and Gli genes, and thus the Shh signaling pathway, 

during follicular formation. Because follicles undergo succesive rounds of growth 



in which basal-like epidermal cells divide to give rise to the bulb of the growing 
hair, the expression of Glil and Shh in these epidermal structures provides a 
context for the ability of embryonic and non-follicular basal epidermal cells to 
respond to ectopic GUI. 

5 

Glil and BCC formation 

Our experimental results in frog embryos in which ectopic Glil expression leads to 
epidermal tumor formation together with the striking correlation of Glil expression 
and BCC's strongly suggest a causative role of Glil in basal cell cancer. At 

10 present, it is unclear if ectopic Glil expression in tissues other than the epidermis 
will result in tumor formation. The high incidence of Glil expression in BCC's 
contrasts with the relative infrequent occurrence of other oncogenes such as 
mutated ras alleles 48 . However, expression of bcl-2 has been consistently detected 
in BCC's suggesting that bcl-2 could also be involved in BCC formation although 

15 it is normally expressed in basal cells 49 . GUI expression is not correlated with 
other cancers as it was found to be amplified only in a small number of gliomas 
and other tumors 14 ; 50 * 53 . It is unclear if the varying expression levels of Glil in 
BCC's is due to differential amplification. It appears, therefore, that normal basal 
epidermal development and maintenance requires the constitutive repression of Shh 

20 signaling (Fig. 6b) and that inappropriate Gli 1 transcription leads to BCC 

development. It is important to note that because there may be a regulatory loop in 
the Shh signaling pathway in BCC's (Fig. 6c) Glil expression would be predicted 
to be both a cause arid an effect of BCC development. 

25 Activation of Shh signaling leading to Glil expression: a molecular pathway 
for BCC formation 

It is not known at present what initiates or drives the ectopic expression of Glil in 
the epidermis at sites of sporadic BCC formation. We propose that any mutations 
that activate the Shh signaling pathway will lead to ectopic Glil transcription and 
30 thus, based on our frog experiments, to BCC formation. In familial BCC's 

showing loss of ptc function, we predict that Glil will be ectopically expressed as 



absence of ptc, a negative regulator of Shh signaling, would activate the pathway 
and thus Glil expression (Fig. 6c). However, mutations in ptc cannot account 
entirely for Glil activation. We found 20/21 cases of sporadic BCC's expressing 
Glil whereas in one study only 1/12 of the analyzed sporadic BCC's showed an 
altered ptc allele 31 and in another study mutations in ptc were detected in one third 
of the sporadic BCCs analyzed 32 . Moreover, 5/5 BCC's analyzed showed ectopic 
expression of ptc but mutations in this gene were found in one case only 32 . Other 
potential causes for BCC induction in the Shh pathway include inactivation of 
PKA, ectopic expression of the factors initiating and maintaining Glil expression, 
possibly Glil itself, and perhaps ectopic Shh expression (Fig. 6c). 

The inability of Shh to induce tumor formation in the tadpole epidermis and its 
inconsistent expression in BCC's raises the possibility that there may be restrictions 
to the induction and action of Shh in epidermis similar to those present in the 
neural plate 25 . The molecular basis of such restrictions is not known but could 
prevent BCC formation adjacent to follicle cells expressing Shh during normal hair 
growth and possibly after plucking. Moreover, these restrictions could prevent the 
uncontrolled spread of BCC's throughout the surrounding basal cells after induction 
of Shh expression. Independent of whether Shh can initiate BCC formation, its 
expression in BCC's suggests a mode of autocrine tumor maintenance as secreted 
Shh from the tumor cells could activate its signaling pathway leading to new 
expression of Glil (Fig. 6c). Activation of autocrine Shh signaling or 
autoregulation of Glil could underly the formation of persistent epidermal tumors 
in embryos that transiently expressed Glil through microinjection. 

Do BCC's arise from inappropriate follicular development in basal cells? 

Since hair follicles normally activate the Shh signaling pathway during growth, 
BCC's could derive from the neoplastic transformation of these cells. Indeed, 
follicular stem cells have been suggested to be targets of skin carcinogens 54 . In this 
case, BCC's would abnormally maintain active Shh signaling. However, Glil 
causes tumor formation in the tadpole epidermis which lacks both follicles and 
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normal expression of G//7. It is possible, therefore, that a variety of genetic and 
environmental signals converge to activate inappropriate Shh signaling at different 
levels leading to ectopic Glil transcription in non-follicular basal cells. In 
addition, in BCC's that may not harbor direct activating mutations within the Shh 
5 signaling pathway, the normal interaction taking place between the dermal papilla 
and the hair bulb could be inappropriately activated in non-follicular basal cells 
resulting in the activation of the Shh signaling pathway and BCC formation. 

Targets of environmental damage could also include components of BMP signaling 
10 pathways having an indirect positive effect on Shh signaling. BMP 4 and BMP2 are 
expressed in the mesenchyme that give rise to the dermal papilla and precorneal 
region of the hair bulb, respectively, and ectopic BMP4 suppresses proliferation of 
hair follicles 55 . This is consistent with the mutual antagonistic effects of BMP's 
and Shh in the neural tube 56 and the requirement of BMP4 signaling 57 and 
15 repression of Shh signaling for normal embryonic epidermal development. 

The parallel between activation of Shh signaling in the hair bulb and BCC's is 
consistent with the finding that BCC's show traits of follicular differentiation 58 " 60 . 
For example, an anti-keratin antibody selectively labels both BCC's and the 

20 follicular epithelium 61 . In addition to GUI, the expression of GU3 and GU2 could 
represent distinct levels in follicularization as these genes are normally coexpressed 
with GUI in the growing hair bulb. The lack of expression of Shh and Gli genes in 
SCC's point to their very different nature 59 60 . Testing for the expression of these 
genes in benign "follicular" neoplasms, such as trichoepitheliomas, may clarify the 

25 identity of these tumors and provide a molecular correlate to malignancy. 

Glil expression as a diagnostic tool 

BCC's are the most frequent malignant tumor in adult fair-skinned people. 
Although they rarely metastisize, sporadic BCC's represent a major health and 
30 economic problem 59 . The recurrence of BCC's at sites adjacent to previous tumors 
could result from the observed ectopic expression of Glil in basal cells in a wide 
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region extending beyond the neoplastic sites, similar to the expansion of mutant 
p53 clones in BCC's to adjacent cells 62 . This raises the possibility that GUI 
expression in basal cells is an early event and could be used as a diagnostic tool. 
Finally, therapeutic agents for BCC's are likely to include inhibitors of the Shh 
5 signaling pathway. 

The molecular basis of skin carcinogeneis is not known. We find that ectopic 
expression of the zinc finger transcription factor GUI in the ectoderm of frog 
embryos leads to the development of epidermal tumors. In addition, we find that 

10 sporadic basal cell carcinomas in adult humans display consistent expression of 

GUI and that in the normal skin Glil and Shh are expressed in developing follicles. 
Because Gli'l is involved in the interpretation of Shh signal, repression of Shh 
signaling is thus required for normal embryonic epidermal development and adult 
basal cell maintenance. Moreover, our results strongly suggest that Glil plays a 

15 causative role in this common human cancer, in which cells may be attempting 

follicular development. We predict that any mutations activating the Shh signaling 
pathway leading to Glil expression in the epidermis will cause basal cell cancer. 

The present invention is not to be limited in scope by the specific embodiments 
20 described herein. Indeed, various modifications of the invention in addition to 
those described herein will become apparent to those skilled in the art from the 
foregoing description and the accompanying figures. Such modifications are 
intended to fall within the scope of the appended claims. 

25 It is further to be understood that all base sizes or amino acid sizes, and all 

molecular weight or molecular mass values, given for nucleic acids or polypeptides 
are approximate, and are provided for description. 

Various publications are cited herein, the disclosures of which are incorporated by 
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